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Synthesis and study of antioxidant activity
of hydrazone and thiosemicarbazidebased
on N-morpholinoacetic acid hydrazide

Data on the synthesis and study of the effect of 2-morpholino-N-(propane-2-ylidene) acetohydrazide and
2-(2-morpholinoacetyl)-N-phenylhydrazinocarbothioamide hydrochloride on the electroreduction of oxygen
(EV 0,) in various concentrations were presented. The structures of synthesized compounds were studied by
IR and 'H NMR spectroscopy methods. Cathode voltammetry on a mercury-film electrode was used as a
method for estimating the antioxidant activity of samples. In this approach, the determination of antioxidant
activity reflected the number of active forms of oxygen neutralized by the antioxidant in a certain time. The
change in the current of the O, OV in its absolute value indicated that the samples under study reacted with
oxygen and its active radicals in the test solution. The degree of change in the current of the O, OV was an
indicator of the activity of the sample under study. A similar voltammogram was obtained for the substance
under study. A decrease in the cathodic current of E2 O, is observed, which indicates that they exhibit antiox-
idant activity with respect to this process. In addition, there was a shift in the potential of the cathode current
of the O,0; to the positive potential region. All of the above implies the existence of an EU mechanism (elec-
trochemical — chemical stage), which includes the subsequent chemical reaction of the interaction of antiox-
idants with active oxygen radicals. It is shown that the aqueous solution of the studied morpholine derivatives
exhibits antioxidant activity.

Keywords: 2-morpholino-N-(propane-2-ylidene)acetohydrozide, 2-(2-morpholinoacetyl)-N-phenylhydrazino-
carbothioamide'H NMR spectrum, IR spectrum, antioxidative activity, cathodic voltammetry method,
voltammograms, thiosemicarbazide.

It is known that a metabolic transformation of substances in the human body generates free toxic oxy-
gen radicals [1, 2]. They are formed during reactions of lipid peroxidation, metabolism of various drugs or
due to impact of external factors (the action of ultraviolet radiation, ionizing radiation). Once they are
formed in the body, radicals interact with cell structures, ultimately resulting to cell membranes shock, thus
accompanying the development of pathological processes of many diseases. Normally the regulation of the
products of activated oxygen metabolites and free radicals in human organs and tissues is performed by vit-
amins, pigments, hormones, and enzymes. Despite the high efficiency of the antioxidant system, it is not al-
ways able to protect the body against the development of oxidative stress. In this regard, one of the priorities
is to produce preparation having antioxidant properties with the purpose of use in the prevention and treat-
ment of diseases. In this perspective the synthesis based on hydrazine containing morpholine derivatives are
of considerable interest since morpholine-containing fragment is a structural element of numerous natural
and synthetic bioactive substances. It should be noted that practically all morpholine derivatives have a broad
spectrum of biological activity such as an anti-pyretic, anti-inflammatory, antimicrobial, anti-bacterial, anti-
tuberculosis, and anti-cancer one. In order to continue the targeted research to find new opportunities on ob-
taining new bioactive derivatives with antioxidant effect, N-morpholylaceticacid hydrazide was selected as a
synthon.

This work provides the synthesis and study of antioxidative activity of 2-morpholino-N-(propane-
2-ylidene)acetohydrazide and 2-(2-morpholinoacetyl)-N-phenylhydrazinocarbothioamide in regard to oxy-
gen radicals by cathodic voltammetry method.

It is known [3, 4], that hydrazones are widely used in synthetic chemistry due to their simple production
method and diverse biological activity. The most common method of hydrazones synthesis is the condensa-
tion of hydrazines from carbonyl compounds [5]. Thus, we synthesized 2-morpholino-N-(propane-2-
ylidene)acetohydrazide (2) obtained with condensing of N-morpholinylaceticacidhydrazide (1) with acetone.
Product 2 appeared to be a well crystallizing white substance that is soluble in many organic solvents with
the yield of 79 %.
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The IR spectrum of compound 2 have troughs at 3185-3255 cm' that correspond to stretching vibra-
tions of N—H group, and troughs at 1675-1690 cm ' correspond to stretching vibrations of C=0O groups of
hydrazone.

In the '"H NMR spectrum of 2-morpholino-N-(propane-2-ylidene)acetohydrazide (2) signals of meth-
ylene protons of morpholine fragment are represented as two triplets centered in 2.52 and 3.39 ppm. Meth-
ylene protons of NCH,-fragments appear at the 3.52 ppm as the narrow singlet. There are two intensive sin-
glets of two methyl groups at 1.75 ppm and 1.95 ppm in the strong field. Singlet in region of 6.21 ppm be-
longs to N—H proton.

It should be noted that the sulfur-containing functional group in some medicines can be the main ele-
ment determining the bioactivity, while in others it can just have a certain influence on the pharmacological
effect. The biological effect of sulfur-containing compounds first used as drugs appeared due to their anti-
bacterial properties. In this regard, the particular interest is in thiosemicarbazides and their derivatives.

In continuation of research on the synthesis of new biologically active compounds, particularly
thiosemicarbazide 3,N-morpholinylacetic acid hydrazide (1), we studied reaction of its condensation with
phenylisothiocyanate in alcohol medium at equimolar ratios of the reactants. The reaction proceeds in quiet
mild conditions for the synthesis in good yield of the desired product (90 %). Synthesized thiosemicarbazide
derivative 3 is a white crystalline powder, soluble in polar organic solvents. In order to obtain water-soluble
form of 2-(2-morpholinoacetyl)-N-phenylhydrazinocarbothioamide (3) hydrochloride 3a was derived.

0
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There are absorption bands in the IR spectrum of compound 3 at 11401240 cm™', which is characteris-
tic for the NH-CS group of the thiosemicarbazide fragment and amide group C(O)NH at 16901675 cm™ as
well as NH group at 3390-3360 cm .

Protons of the phenyl ring are presented in the 'H NMR spectrum of N-morpholinylacetic acid N—
phenylthiosemicarbazide (3) along with the methylene protons signals of the morpholine fragment (2.45 ppm
and 3.61 ppm) and NCH, fragment (3.07 ppm) in a weak field 7.15-7.34 ppm. Amide and thioamide NH
protons are appearing in weak fields in the form of three singlets in the region of 9.85 ppm, 9.80 ppm and
7.98 ppm.

It is known that free radicals are an important part of the pathogenesis of many diseases [1]. Therefore,
using voltammetric analyzer at various concentrations in aqueous solution isan important chapter in studying
pharmacological activity of 2-morpholino-N-(propane-2-ylidene)acetohydrazide (2) and hydrochloride of
2-(2-methylmorpholinoacetyl)-N-phenylhydrazinocarbothioamide (3a).

The activity of the samples was determined by using cathodic voltammetry, particularly the electro-
chemical reduction of oxygen (O, EV). Model reaction of O, EV proceeds by a mechanism similar to oxygen
reduction in body cells and tissues:

02 +e 02'_
0, +H' < HO,
HOZ‘ + HJr +e¢ & H202
H202+ 2,H+ +2¢ « 2H20
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In this case, the first wave of O, EV (reduction of oxygen to hydrogen peroxide) with formation of ac-
tive oxygen species: O,, HO™ is under consideration. It is assumed that substances react with oxygen and its
active radicals on the indicative electrode surface, which is reflected in changes of O, EV cathode current.

The activity of the studied substance with respect to O, EV was determined by the following procedure:
0, EV voltammograms were recorded in the absence of studied substance (background curve). In the ab-
sence of extraneous peaks background solution was considered as pure. Then, studied substance with known
concentration was added in a cell (for 10 mL supporting electrolyte volume) and cathodic O, EV
voltammograms were obtained in the same conditions. The measurements were repeated at least 3 times over
the defined period of time and value of O, EV current limit was estimated each time.

O, EV Slope by its absolute value indicates that the studied samples react with oxygen and its active
radicals in the test solution. Degree of O, EV current change is an indicator of the activity of the test sample.

For the same type of the substance voltammogram is obtained and cathode current decrease is observed
in the O, EV, which indicates the exertion of antioxidant activity relating to this process. In addition, there
was a shift in potential cathode current of O, EV to the positive potentials area. All aforesaid requires a ES
mechanism (electrochemical — chemical steps), which comprises the subsequent chemical reaction of the
antioxidants with active oxygen radicals.

Antioxidant activity of 2-morpholino-N-(propane-2-ylidene)acetohydrazide(2) and 2-(2-morpholino-
acetyl)-N-phenylhydrazino carbothioamide (3a) with different concentrations are shown in the Table.

Table
Antioxidant activity of the compounds (2 and 3a) with different concentrations

Substance concentration, Average value mole/L
g/mL Compound 2 | Compound 3a

0.00001 0.1432 0.1512

0.0001 0.2355 0.3039

0.001 0.4153 0.4624

The obtained data (Table) demonstrates that hydrochloride of 2-(2-methylmorpholinoacetyl)-N-phenyl-
hydrozinocarbothioamide (3a) expresses the highest antioxidant activity at the maximal analyzed concentra-
tion. In the same time moderate growth of antioxidant activity of 2-morpholino-N-(propane-2-ylidene)
acetohydrazide (2) is observed as well. It is shown that even at the lowest concentration studied substance
reacts with oxygen and its active forms, deactivating them in the solution. Antioxidant activity in this case
can be considered as a useful feature that extends the potential range of uses of the researched compounds.

Thus, hydrazone and thiosemicarbazide synthesis was performed on the base of N-morpholinyl acetic
acid hydrazide and the influence on the electrochemical reduction of oxygen (O,EV) at different concentra-
tions was investigated by cathodic voltammetry using the mercury coated electrode. In this approach, deter-
mination of antioxidant activity reflects the amount of reactive oxygen species antioxidant neutralizes over
time. It is demonstrated that an aqueous solution of researched compounds exhibits antioxidant activity
against oxygen radicals.

Experimental

1-H NMR spectrum was recorded on the Bruker 400 spectrometer at 400 MHz in DMSO-d; solution
relative to the internal standard TMS. Melting point was determined on a Boetius instrument. Progress of the
reaction and purity of the obtained compound was monitored by thin layer chromatography on the Silufol
UV-254plates in the system of isopropanol — benzene — 25 % ammonia solution 10:5:2. The plates were dis-
played with iodine vapors. Hydrazide of N-morpholinoacetic acid was prepared as described in [6].

2-Morpholino-N-(propane-2-ylidene)acetohydrazide (2).10 mL of acetone is added to the 1.59 g
(0.01 mol) of N-hydrazide of morpholine acetic acid. The mixture is heated for 10 minutes to dissolve
hydrazide. The mixture is kept at room temperature until fine-grained sediment precipitates. Completion of
the reaction is detected with TLC. Re-crystallization from petroleum ether gives 1.57 g (79 %) of a white
powdery substance with m. p. 95-97 °C. "H-NMR (DMSO-dy), 6, ppm.: 2.52 t (4H, N(CH,),, Jun 4.66), 3.39
s (2H, NCH,), 3.56 t (4H, O(CH,),, Jun4.65), 6.21 s (1H, NHN), 1.75 s (3H, CH;),1.95 s (3H, CH,).

N-Phenylthiosemicarbazide of N-morpholinylacetic acid (3). 1.59 g (0.01 mole) of N-morpholinylacetic
acidhydrazide is dissolved in 5 mL of ethanol, then 1.48 g (0.011 mole) of phenylthiocyanate is added by
drops. Mixture is mixed during 30 min at 50-60 °C. Completion of the reaction is detected with TLC. Solu-
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tion is cooled, precipitated fine-grained sediment is filtered and rinsed with small amount of petroleum ether.
After re-crystallization from benzene 2.64 g (90 %) of compound 3 with m.p. 147-150 °C was obtained.
'H NMR spectrum (500 MHz, DMSO-ds, 8, ppm, J/Hz): 2.45 t (4H, N(CH,),, J = 4.3), 3.07 b.r.s (2H, N-CH,),
3.61 t (4H, O(CH,),, Juy 4.6), 7.15-7.34 m (5H, Ar), 9.85 s [1H, NH(C=S)], 7.98 s (1H, NH), 9.80 s [1H,
NH(C=0)].

Hydrochloride of N-morpholinylacetic acid N-phenylthiosemicarbazide (3a). Saturated with gaseous
HCI benzene solution is added to the obtained product 3 dissolved in benzene. Presipitated fine-grained
white powder is filtered and rinsed with absolute benzene several times.

Reagent preparation. Stock solutions of researched substances at a concentration of 0.1 g/ml are pre-
pared as follows: using analytical balance 0.5 g sample was weighed and dissolved in 5 ml of distilled water.
Further, 0.01 g/ml and 0.001 g/ml solutions are prepared with followed dilutions with distilled water in 10 ml
vials. Aliquots of 0.1 ml volume were taken for studies obtaining appropriate working concentrations of test
solutions presented in the table.

The voltammetric analysis method used in this work is expressive, with high sensitivity (10™'%) and
broad analytical capabilities. The developed technique is unique, reproducible, and does not require long-
term sample preparation.

Experiment methodology of antioxidant activity determination included obtaining and analysis of the
voltammograms of cathodic O, EV using voltammetric analyzer connected to the computer [7]. Direct cur-
rent mode of cathodic voltammetry was used, potential sweep speed W = 40 mV/s, the working range of
potentialis in range from 0.0 to 1V, solution stirring time is 20 seconds, settling time is 10 seconds. Electro-
chemical cell was a glass beaker containing an indicator of mercury coated electrode, silver chloride refer-
ence electrode and a silver chloride auxiliary electrode immersed into supporting electrolyte solution. Phos-
phate buffer solution was chosen as supporting electrolyte in a volume of 10 mL and with pH 6.86, which is
close to the physiological value.
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O.A. Hypkenos, M.K. HUo6paes, XK.b. Cotbaena,
K.T. doynerxanona, T.M. CeilsixaHoB

N-MopdonuHmiIcipke KbIIIKbLI THAPa3uAi Heri3inae ruapa3oHaap MeH
THOCEMHKAaPOa3uATEePAiH CHHTEe3l MeH TOTBIFYFa Kapchbl OeJICeHAITIKTI aHbIKTay

Makanana 2-mopdoianHo-N-(ponan-2-uinaeH)aneToruapasuines 2-(2-mopdonunoanerin)-N- GeHUIrnI-
pa3rHOKapOOTHOAMHU/T THAPOXJIOPUAIHIH CHHTE3Aepi OOWBIHIIA MAIIMETTep MEH OpPTYpi KOHIEHTpalusaa
(OB 0,) orrexrtiH dNeKTpii KaiiTa KalmblHa KeNTIpY YypAiciHe ocepi kenripinreH. CHHTE3eNTeH
KOCBUIBICTApBIH KypblibiMbl MK- Men SIMP 'H-cexrpockomus oxicrepiMen seprrenred. TOThIFYFa Kapchl
OeNCeHUIIKTIH Oaranay TocUIl peTiHAe CHIHANTHI-KAOBIPIIBIKTEI JIEKTPOATA KATOATHI BOJIHTAMIICPOMETPHUS
KoJIaHbUTFaH. TOTBIFyFa Kapchl OCJICEHIUIKTI aHBIKTAy TocutiHae Genrimi Oip yakbITTa TOTBIFyFa Kapchl
OeifTapanTaHabIpbUIFaH OTTETiHIH OelceHAi TypiepiHiH Mmemmepi kenripiireH. OB O, TOFBIHBIH ©3iHIH
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a0COIOTTI MOHIHIH ©3repyi 3epTTeliHIeH KOChUIBICTApABIH Oenrisi Oip epitiHaiae OenceHai pagukaijapMeH
JKOHE OTTETiMEH OpEKeTTeCKeHiH Kyanauibipansl. OB O, TOFBIHBIH ©3repy JopeKeci 3epTTEeNliHeTiH 3aTThIH
GenceHimirinin kepceTkimn 6oJpin Tabbutaabl. 3epTTENiHETIH 3aT YIIiH OipTHUNTI BOJbTaMIEpoOrpamMMa
ansiHael, OB O, KaTroAThl TOFBIHBIH a3arobl OalikamraH. Byn ocel ypaic OGoWbIHIIA TOTBIFYFa Kapchl
OenceHAUTIKTIH maiina 6omysiH nonenaeini. ConsiMeH katap 9B O, KaTOATHI TOFBIHBIH MOTCHIUAIBIHBIH OH
aiimMakka birbIcybl Oenrimi. JKorapeina aiteurrangapabiy Gapibirbl EK (37I€KTPOXMMHSIIBIK — XHMHSUIIBIK
Ke3eHJIep) TOThIFYFa Kapchl OCJICEH/I OTTEKTI paJKaIJapMeH XUMUSIIBIK OPEKETTECY PeaKLHsChIHA TYCETiH
MeXaHU3MHIH OapblH OoypKaiiapl. 3epTTeniHreH MOPQOIUH TYBIHIBUIAPBIHBIH CYJIbl epITIHALICPI TOTHIFyFa
Kapchl OCJICeHITIKKE Ue eKeHAIr KopCeTii.

Kinm ce3dep: 2-mopdonnno-N-(nponas-2-winaeH)aneToruapasun, 2-(2-mopdonunonermn)-N-peHmruapa-
sunoKapGotnoamu, 'H SIMP-criextpi, MK-CIeKTpi, TOTBIFYFa Kapchl OENCEHITIK, KATOATHIK BOIBTAMIIC-
POMETpHSI 9IiCi, BOJIBTaMIIEpOrpaMMa, THOCEMHUKApOa3ny.

O.A. Hypkenos, M.K. HUopaes, )K.b. Catnaesa,
K.T. Haynerxanosa, T.M. CeitsixaHoB

CuHTe3 M N3yYeHNe AHTHOKCUAAHTHOM aKTUBHOCTH THAPA30HOB
U THOCEMHUKAPOA3U/I0B HA OCHOBE ruapasuaa N-Mop(poIuHOYKCYCHOI KHCIOTHI

B cratbe mpuBencHBI JaHHBIC 1O CHHTE3Y W W3YYCHHUIO BIUSHUS 2-MOp(oarHO-N-(TporaH-2-UuieH)-
arieTorupasuaa u ruapoxiopuna 2-(2-mopdonrHoaneT)-N-peHITHIPa3nHOKapOOTHOAMH A Ha TPOLIECC
2JIEKTPOBOCCTaHOBJICHUS Kuciopona (OB O,) B pa3iWyHBIX KOHIEHTpamusix. lcciemoBaHO CTpOCHHE
CUHTE3UpPOBaHHbIX coeaunenuilt merogamu UK- u IMP 1H-Cl‘[eKTpOCKOHI/II/I. B kadecTBe MeTO[a OLICHKH aH-
THOKCUJIAHTHOM aKTUBHOCTU OOpa3lLOB IIPUMEHEHAa KAaTOIHAs BOJIETAMIEPOMETPHUS HAa PTYTHO-IUICHOYHOM
anekTpoze. B 1aHHOM moxaxoze omperenaeHHe aHTHOKCUIAHTHON aKTUBHOCTH OTPaXKajo KOJIMYECTBO aKTHB-
HBIX (JOPM KHCIIOpO/a HEHTPaIN30BaHHBIX aHTHOKCHUIAHTOM 3a OIpe/eieHHoe BpeMs. M3meHenune Toka OB
O, 1o cBoeMy aOCOJIOTHOMY 3HAYEHHUIO CBUIETEIBCTBYET O TOM, YTO HCCIeAyeMble 0Opa3lbl pearupyroT C
KHCIIOPOJIOM U €T0 aKTHUBHBIMH paJuKalaMy B HccienlyeMoM pactBope. CreneHb usmeHeHus Toka 9B O, sB-
JSUTACh MTOKA3aTeNIeM aKTUBHOCTH HCCIieyeMoro oopasna. Jiis uceiaenyemMoro BemecTsa morydeHa OJHOTHII-
Hasi BOJIbTaMIIepOrpaMMa, HaOJII01alloCh YMEHBIIEHHE KaToqHOTO Toka DB O,, 4To CBHIETEIBCTBYET O TPO-
SIBIICHUY MU aHTHOKCUJIAHTHOW aKTHBHOCTH 10 OTHOIIICHHIO K JTaHHOMY Iporieccy. Kpome Toro, Habmronan-
Csl CABUT MOTEHIMANIA KaTOAHOro Toka OB O, B MoN0KHUTENbHYI0 001aCTh MOTEHIMANOB. Bee ckazaHHOE BHI-
11e npearnosaraet Haauyre Mmexanuma EC (3eKTpoxuMudecKkasl — XUMHUYECcKast CTaIun), KOTOPBIA BKIIOYa-
€T MOCJEAYIOMYI0 XHMUYECKYI0 PEaKLUI0 B3aMMOICHCTBUSI aHTHOKCHIAHTOB C aKTHUBHBIMH KHCJIOPOAHBIMH
paaukanamu. [Toka3aHo, 4TO BOAHBII PacTBOP U3YYEHHBIX IPOM3BOAHBIX MOP(]OIIMHA MPOSBISET aHTHOKCH-
JAHTHYIO aKTUBHOCTbD.

Kniouesvie cnosa: 2-mopdomuno-N-(mponan-2-mwinaeH)aneToruapasus, 2-(2-moponuaoaneTut)-N-QeHmI-
ruapasusokapootnoamu, 'H SIMP-cnexrp, UK-CrieKTp, aHTHOKHCIIHTENbHAS aKTHBHOCTh, METOJ| KATOIHOI
BOJIbTaMIICPOMETPUH, BOJIbTaMIIEpOTpaMMa, THOCEMHUKapOa3uy.
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